The effects of eugenol and several root canal sealers that contained eugenol on human dentin were examined by microhardness measurements. Microhardness of human dentin increased significantly by prolonged contact with these materials. Furthermore, it seems that the increase in microhardness decreases as the eugenol content in the sealers is decreased.
The effects of eugenol and several root canal sealers that contained eugenol on human dentin were examined by microhardness measurements. Microhardness of human dentin increased significantly by prolonged contact with these materials. Furthermore, it seems that the increase in microhardness decreases as the eugenol content in the sealers is decreased.
The structural nature of dentin consists mainly of an odontoblastic process in the dentinal tubules and an intercellular substance of mineralized apatite crystals. Chemically, it is composed of about 70% inorganic material and 30% organic matter and water. Therefore, it is expected that certain chemicals used for the treatment of teeth may produce some physical and chemical changes in dentin through chemical reactions.
The action of eugenol and a mixture of zinc oxide (ZnO) and eugenol on sound human dentin was studied by Rotberg and deShazer' chemically and histologically. They showed that eugenol removes calcium from dentin. Furthermore, they deduced from their preliminary investigation that the sound dentin becomes slightly softer after the clinical application of ZnO and eugenol. This latter report, which lacks information regarding the technique of evaluation, contradicts the result reported by Mjor.2 He reported that the microhardness of dentin of viable teeth increases significantly by contact with ZnO and eugenol cements. He also showed that a similar increase occurred with Ca(OH) 2 and amalgam. Fusayama and Maeda3 reported that in dog dentin no significant difference in hardness was observed between the de-vitalized teeth (with pulp chambers left open) and those filled with ZnO-eugenol cement. This apparent contradiction in the findings of these investigators probably occurred because they did not intend to examine this effect or because they did not optimize the physical circumstances necessary to observe such an effect. For instance, Mjor's comparison of data from two different teeth and from the same tooth at remote places is questionable, especially when a significant variation in microhardness of dentin on the same tooth has been reported by Craig, Gehring, and Peyton4 and Craig and Peyton.5
In the present experiments the effects of eugenol and eugenol-containing root canal sealers on microhardness were investigated under well-defined conditions. An attempt also was made to clarify some of the contradictions that exist in the results of other workers. Results indicate that the eugenol and eugenol-containing root sealers have such an appreciable interaction with sound dentin that they affect the microhardness.
Materials and Methods SPECIMEN PREPARATION.-The 18 specimens used in this investigation were freshly extracted, mature permanent teeth with sufficiently large roots, that showed some hemorrhage or gelatinous pulp remnant in the canal when sectioned.
Sectioning was performed transversely, midway between the cervical and apical regions. For the specimens to be treated by root canal sealers, the apical portion of the root was left exposed and the rest of the root was embedded in cold mounting plastic. A small trough was prepared circumferentially around the dentinal face of the root to prevent contact of the sealer with to determine their effects on sound dentin. The root canal sealers were mixed according to the recommendation of the manufacturer and placed on the dentinal surface after the initial hardness measurements were made by the procedure to be described.
METHOD OF MICROHARDNESS MEASURE-MENTS.-A microhardness testert with a diamond indenter § was used in this study. The procedure used to determine the microhardness of the dentin was similar to that used by Craig, Gehring, and Peyton.4 A load-time cycle of 10 gm and 15 seconds was used with the instrument because it has been shown that measurements taken with 10 gm load and applied for 15 seconds have better reproducibility than those obtained with smaller loads.4 Furthermore, the instrument at this setting had an accuracy of +0.5 KHN Tables 5 and 6 show the results obtained from specimens treated with Proco-Sol cement and Kerr sealer. The microhardness values in a typical row of specimens treated with Proco-Sol are presented in Table 7 . Proco-Sol and Kerr sealer had effects on dentin similar to those of eugenol, although the magnitude of increase in microhardness with the latter was larger. The averages of all the readings on each specimen and all Table 9 ; a significant increase in the microhardness existed (P < 0.001) among the various groups. Discussion In material that played an important role in hardening the dentin, the effect was maximum when pure eugenol was brought in contact with dentin; the effects seemed to decrease as the initial amount of eugenol in the sealers decreased. It has been shown by Copeland et al, 6 Smith, 7 In the present investigation no attempt to identify the reaction product was made. However, this does not prevent discussion of a few possibilities that may be at least partially responsible for the increase in microhardness. Dentinal tubules in dentin are sites of rapid molecular diffusion of liquid. Therefore, in this instance, it is logical to think that the reaction of eugenol on dentin predominantly centers in and around the tubules. If it is assumed that the reaction product that would accumulate in tubules is harder than the matrix, the dentin structure would consist of softer matrix embedded by randomly distributed harder material similar to reinforced composite material. The density of tubules varies between 30,000 and 75,000/mm2 in different regions of dentin,'1 but if the density is about 40,000/mm2 at the exposed surface of the dentin, then the average spacing would be about 5 pim. This spacing is significantly less than the indentation size, and therefore, the reaction products can definitely influence the microhardness.
One of the several possible reactions is the action of eugenic acid (ClIH1204) on the hydroxyapatite and uncalcified material. This action could produce the breakdown of the calcium salts in such a manner that a loss of carbonates takes place as eugenic acid replaces the weaker carbonic acid of dentin. With the loss of carbonates there is a rise in pH, and reprecipitation of minerals from the dissolved apatite. The reprecipitation can occur peritubularly or in the dentinal tubules, with the type of structure described earlier.
The second possibility, as proposed by Mjor,2 is that the ZnO-eugenol increases the mineralization of the tissue. This increase in mineralization should take place where the hydroxyapatite is less well-crystallized, and the less mineralized regions randomly distributed in the dentin matrix. It is not known how the process of increase in mineralization by eugenol occurs. However, if randomly distributed, hypermineralized regions form in the matrix by the action of eugenol; this alone or in combination with the effects of reaction products in tubules, as discussed earlier, can cause the change in microhardness.
Another factor that may be at least partly responsible for the increase in microhardness is the "coagulating" (or dehydrating) effect of eugenol on collagen. Because of this effect, the free calcium ions may bind with the protein within the dentinal tubules to keep chemical equilibrium between water and calcium molecules. Actually, the protein precipitation as caused by eugenol has been reported by Schach.12 Conclusions The effects on human dentin of eugenol and several root canal sealers that contained eugenol were examined by microhardness measurements. It was found that dentin exposed to eugenol, Proco-Sol, Kerr, and Wach's root canal sealers for three weeks demonstrated a statistically significant increase in microhardness values. The maximum and minimum increases of about 11 and 2.6 KHN were noted in the pure eugenol and Wach's sealer, respectively. The increase in microhardness tends to attain a maximum value in about three weeks.
